Summary.-A comparison has been made between the carcinogenic activities of benzo(a)pyrene and the proposed proximate carcinogen, benzo(a)pyrene7,8-dihydrodiol, in the adult C57BL mouse submandibular salivary gland. In preliminary studies using a range of doses, the dihydrodiol was slightly less active than the parent hydrocarbon in this system.
BENZO(A)PYRENE (B(a)P;
) is a widespread environmental contaminant, and as such as been implicated as a potential carcinogen in man (Epstein, 1974) . The carcinogenic potency of B(a)P in laboratory animals has been well documented. Metabolic activation of the polycyclic aromatic hydrocarbon carcinogens to electrophylic derivatives is thought to be essential for their toxic, mutagenic and carcinogenic activities (Miller, 1970; Gelboin, et al., 1972; Huberman and Sachs, 1974) . Recently, the ultimate metabolite of B(a)P which binds covalently to DNA and is largely responsible for its muitagenic activity (Newbold et al., 1977) has been identified as the 7,8-dihydrodiol-9, 10-epoxide ( Fig.  1, III) (Sims et al., 1974) , which binds predominantly to the extra-nuclear amino group of guanine (Osborne et al., 1q976a, b) . Chromatographically identical hydrocarbon-DNA adducts have been identified wNhen B(a)P is painted on to mouse skin (Grover et al., 1976) or incubated in vitro with mouse embryo fibroblasts (Baird et al., 1975) or salivary gland epithelial cells . The immediate precursor of the diolepoxide is the 7,8-dihydrodiol (Fig. 1, II) which requires epoxidation at the 9,10 double bond before it can bind covalently to DNA. This has therefore been proposed as the proximate carcinogen.
Since the dihydrodiol is a more stable compound than the diol-epoxide, it has been used in studies comparing its carcinogenic activity with that of the parent hydrocarbon, B(a)P (Slaga et al., 1976; Levin et al., 1977a; Kapitulnik et al., 1977) . In experiments using the mouseskin initiation-promotion system, chronic application to mouse skin, or i.p. injection into newborn mice, the 7,8-dihydrodiol derivative was found to be about as active as, or, in newborns, more active carcinogenically than B(a)P. Recently, the diol-epoxide has also been found to be an effective tumour initiator on mouse skin, if dissolved in tetrahydrofuran (Slaga et al., 1977) . When the present study was begun, many of these reports had not yet appeared in the literature. In addition, it was considered important that compounds were tested in as many different systems as possible to assess their carcinogenic potential in a wide range of tissues. Previously, dimethylbenz(a)anthracene (DMBA) had been shown to induce submandibular salivary gland tumours readily, particularly squamous carcinomas, when it was injected directly into the glands of adult mice (Wigley and Carbonell, 1976) . This study confirmed earlier reports that the epithelium of this gland was particularly susceptible to hydrocarbon carcinogenesis (Rusch et al., 1942) . Since in vitro transformation studies with salivary gland cells have recently used B(a)P rather than DMBA (Wigley, unpublished) because its metabolic fate is more clearly understood, it was of interest to determine the carcinogenicity of the parent hydrocarbon and the proposed proximate carcinogen in the salivary gland in vivo. The results of preliminary dose-response studies are reported here.
MATERIALS AND METHODS
Benzo(a)pyrene was purchased from Sigma Chemical Co., Kingston-upon-Thames. The 7,8-dihydrodiol of B(a)P was a gift from Dr R. G. Harvey (Ben AMay Laboratory, University of Chicago). Anaesthetized, 12-wieekold, C57BL male mice w-ere injected intraglandularly with the doses of each compound specified in Tables I and II . This dose was given as 0 05 ml of an emulsion in watersoluble KY jelly (Johnson and Johnson Ltd, Slough, Bucks). A more detailed description of the injection technique is given elsewhere (Wigley and Carbonell, 1976) . A control group of mice received carrier emulsion only. Each experimental group consisted of 10 mice, which were checked regularly during the course of the experiment (1 year) for the presence of tumours at the injection site and any indications, such as respiratory distress, of tumours elsewhere. Tumours and any other abnormal tissues were fixed at necropsy for histopathological examination.
RESULTS
The major finding in this study was that although, as expected, B(a)P induced salivary-gland tumours at the site of injection, its derivative, the 7,8-dihydrodiol, induced malignant lymphosarcomas at distant sites, particularly the thymus gland. Many of these lymphosarcomas were metastatic to one or more additional sites such as lung, liver and kidney, whereas the B(a)P-induced tumours did not metastasize.
There were a few exceptions to this general pattern, shown in Tables I and II, where the tumour yields are subdivided into tumour types histologically and related to the dose of each compound injected. B(a)P induced 2 lymphosarcomas. One in the 0 5 mg-dose group was a large tumour of a mesenteric lymph node found at necropsy at the end of the experiment. Another, smaller, tumour occurred in the highest-dose group, and was invading normal submandibular salivary tissue. There was a salivary-gland fibrosarcoma in this animal, which was killed after 284 days for this reason. The 7,8-dihydrodiol induced 1 small fibrosarcoma at the site of injection which was found in the highest-dose group at the end of the experiment. Both compounds induced one rhabdomyosarcoma near the injection site after periods of 129 (B(a)P) and 179 days. The identity of these tumours was confirmed by staining sections with Wiegert's iron haematoxylin to demonstrate striated muscle filaments in tumour cells. Fig. 2 shows the incidence times of tumours induced by the optimal dose of each compound (0.5 mg in each case). From these curves it appears that the parent hydrocarbon is more active as a complete carcinogen than the 7,8-dihydrodiol. The highest dose of both compounds induced fewer tumours than the optimal 0.5 mg/mouse. The total tumour yield and incidence times of mice receiving 2-0 mg B(a)P were almost identical to those shown for 0-5 mg 7,8-dihydrodiol in Fig. 1 The difference betweeni the 2 compounds may be partly dtte to their relative water solubilities. B(a)P is highly lipid-soluible and would tend to stay at the site of injeetion, whereas the more watersoluble dihydrodiol may be dispersed and able to act on more sensitive target tissues. The thvmus and other lymphatic tissues are known to be sensitive to radiation (Kaplan, 1967) and chemical careinogenesis (Igel et al., 1969) buit the role of viruses in the genesis of lymphosarcomas is unclear. A murine leukaemia virus is activated in target tissuies after irradiation, but there is doubt about whether the virus is a caausative factor, at least in chemical systems (Frei et al., 1973) . Tumours of the lymphatic tissues are a major cause of death in ageing C57BL mice, but rarely occur spontaneously in animals under 16 months (Rowlatt et al., 1976) . The dihydrodiol induced 1 sarcoma at the site of injection in the highest-dose group. This indicates that salivary-gland cells are not completely refractory to carcinogenesis by this compouind. Fewer carcinomas compared to sarcomas were induced by B(a)P in this study than were found after IDMBA injection (Wigley and Carbonell, 1976) or in a recent study using 2 mg B(a)P in a larger group of C57BL Icrf at mice (WVigley, unpublished) . B(a)P was shown, however, to be a good carcinogen in the salivary-gland system, although the average latent period of tumour development is rather longer than previously found for DMBA.
Since (1 976) found that N-nitro-N-nitrosourea only induced salivary-gland tumours in rats after pretreatment with isoprenaline. This drug, may therefore be effective in increasing the susceptibility of the mouse submandibular gland to dihydrodiol carcinogenesis. Because of the higher water solubility of the dihydrodiol, this compound is able, however, to exert its effects on lymphatic tissues at distant sites. The thymus, for instance, may be more susceptible to toxicity, and is known to have high regeneration potential. This hyperplasia is also thought to be a necessary step in the development of thymic lymphomas (Frei and Maitra, 1974) . These factors may be partially eliminated when the two compounds are compared as initiating agents in the two-stage system of tumorigenesis in mouse skin.
